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Background: Neuroimaging studies have confirmed that functional connectivity (FC) disruption of pain-
related brain networks may contribute to the cerebral pathophysiology of primary dysmenorrhea (PDM).
However, it remains unclear whether FC of symmetrical regions of bilateral hemispheres associated with
PDM is abnormal. This functional MRI study aimed to explore the changes of voxel-mirrored homotopic
connectivity (VMHC) and seed-based FC in patients with PDM.

Methods: A cohort comprising patients with PDM (n=35) and healthy controls (HCs) (n=41) underwent
resting-state functional MRI scans during their menstrual phase. Interhemispheric FC was compared
between the two groups using VMHC analysis. Brain areas with significant group differences in VMHC
were selected as seed regions for FC analysis. Correlation analysis was also conducted to examine the
relationship between abnormal connectivity of brain regions and clinical measures of pain and anxiety.
Results: Compared with healthy individuals, patients with PDM showed significantly enhanced VMHC in
the bilateral orbital part of the superior frontal gyrus and the bilateral middle frontal gyrus. Subsequent seed-
based FC analysis showed enhanced connectivity between the aforementioned areas and pain-related brain
structures. Hyperconnectivity between the left middle frontal gyrus and the right cingulate gyrus in patients
was negatively correlated with an increase in the visual analogue score (VAS) for pain (r=-0.341, P<0.05).
Conclusions: Our findings indicate that ongoing dysmenorrhea is accompanied by abnormal
interhemispheric functional coordination and enhanced connectivity in pain-related regions, attention
networks, and the reward system. These findings may provide a novel perspective on the central mechanism
of pain caused by PDM.
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Introduction

Primary dysmenorrhea (PDM) is a general gynecological
disorder characterized by cramping pain in the lower
abdomen that occurs during menstruation in the absence
of other identified pathological conditions such as
endometriosis (1). Pain intensity peaks at 24 to 36 hours
after the menstrual phase begins and may persist for up
to a few days (2). Associated symptoms include nausea
and vomiting, fatigue, headaches, dizziness, cold limbs,
and syncope and severe pain. Similar symptoms can
recur across subsequent menstrual cycles. A well-known
pathophysiological process of PDM is an increase in
prostaglandins that causes uterine contractions, which
restrict blood flow and lead to cramping (2). The prevalence
of PDM varies between different countries and regions,
and at least one-third of females report moderate or severe
menstrual pain, which impacts on their quality of life and
productivity in study or work (3-6). Long-term recurrent
pain episodes can affect the central nervous system and
cause further abnormal changes in brain structures and
functional connectivity (FC) (7-9), which may aggravate
the dysmenorrhea, forming a vicious cycle. Hence, it is
necessary to study the central mechanism of PDM, as this
would play a guiding role in future clinical practice.

An increasing number of neuroimaging studies show that
abnormal FC of pain-related brain regions and networks
may be involved in the central mechanism that underlies
PDM (10-14). Recent functional MRI (fMRI) studies
discovered alterations associated with PDM in several brain
regions including the precuneus, left dorsomedial prefrontal
cortex, anterior cingulate cortex, thalamus, and amygdala.
Abnormal networks appear to be mainly located in the
default mode network, reward system dorsal, and attention
networks. Existing findings are mostly focused on the
FC between seed regions of interest with all brain voxels.
However, FC changes in symmetrical regions of the left and
right hemispheres have not been fully investigated.

In 2010, Zuo et al. (15) proposed the voxel-mirrored
homotopic connectivity (VMHC) method to measure
resting-state FC strength between the mirrored
counterpart areas of the bilateral hemispheres, which
reflects interhemispheric functional communication and
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coordination. One study has confirmed that there is a
strong correlation between activity in symmetrical brain
regions (16). This novel method of resting-state fMRI (rs-
fMRI) may yield new insights about both disease processes
and healthy development. VMHC impairment has been
reported in pain-related diseases, such as postherpetic
neuralgia (17), acute eye pain (18), and chronic lower
back-related leg pain (19). However, little is known
about whether alterations of interhemispheric functional
coordination occur in patients with PDM.

We hypothesized that patients with PDM have poor
coordination between left and right hemispheric activity
compared with healthy individuals, which may be associated
with the pathophysiology of PDM. To explore this
hypothesis, we gathered rs-fMRI and clinical data from
patients with PDM and healthy controls (HCs), and then
determined variation in VMHC between the two groups.
We also identified seed-based FC changes in brain regions
with significant VMHC in patients with PDM. Finally, the
correlation of altered VMHC and FC with clinical scores of
patients with PDM was investigated.

We present the following article in accordance with the
Materials Design Analysis Reporting (MDAR) checklist
(available at https://dx.doi.org/10.21037/qims-21-731).

Methods
Study participants

All participants gave written informed consent before
participating in the study. The study protocol was approved
by the Medical Ethics Committee of Beijing University of
Chinese Medicine. The study was conducted in adherence
with the ethical principles of the Declaration of Helsinki (as
revised in 2013).

From December 2016 to November 2018, all patients
with PDM from multiple colleges in Beijing were recruited.
All potential participants were screened and their eligibility
assessed by an experienced doctor. In compliance with
the diagnostic criteria of the Clinical Practice Guideline
of PDM published in July 2017 (1), to be included in the
study participants needed to fulfil the following criteria: (I)
female; (II) aged between 16 and 30 years old; (III) right-
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handed; (IV) had not given birth; (V) had regular menstrual
periods (occurring every 28«7 days); (VI) had experienced
a pain episode lasting for at least six months; (VII) had not
received any treatment for PDM in the first month before
the study; (VIII) not a long-term caffeine consumer; (IX)
had not consumed tea in the three days preceding the MRI
scan; and (X) had an average visual analogue score (VAS) for
dysmenorrhea equal to or greater than 40 (with 0= no pain
and 100= worst pain imaginable) during the three months
before enrollment.

The HCs fulfilled the same criteria, excluding those
relating to PDM. The HCs were in good health, lacked
dysmenorrhea, and did not show any structural brain
abnormality on MRI.

Participants were excluded if they had any of the
following: (I) pelvic organ diseases; (II) any other
neurological diseases or psychiatric disorders; (III) severe
life-threatening diseases; (IV) a history of alcohol or drug
abuse; (V) any contraindications for MRI; and (VI) severe
structural abnormalities in the brain.

In our study, 40 patients with PDM and 44 HCs met the
inclusion criteria and underwent rs-fMRI examination. Of these
participants, 5 patients with PDM and 3 HCs were eliminated
from the study due to excessive head motion. Ultimately, the
data of 35 patients with PDM and 41 HCs were analyzed.

All participants completed VAS pain (VAS-P) and VAS
anxiety (VAS-A) questionnaires, which assessed on their
levels of pain and related anxiety in the first three menstrual
cycles before the study. VAS scores range from 0 (no pain or
anxiety) to 100 (worst pain or anxiety imaginable).

MRI data acquisition

The imaging data were acquired on a 3.0 Tesla scanner
(Magnetom Skyra, Siemens, Erlangen, Germany) at the
Department of Radiology in Beijing Hospital of Traditional
Chinese Medicine, Capital Medical University. For all
participants, the MRI scan was performed on days 1 to 3 of
the menstrual cycle. The examination was performed with
the participant in a supine position on the scanner bed, with
sponge cushions on both sides on their ears to minimize head
motion. Participants were instructed to close their eyes, stay
awake, relax, remain as still as possible, and avoid thinking
about anything. After the scan, each participant was asked
whether they had fallen asleep during the examination.
T1-weighted images were acquired (repetition time
2,300 ms; echo time 2.32 ms; slice thickness 0.9 mmy; slices
192; flip angle 8°; field of view 240 mm x 240 mm; matrix
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size 256x256). An echo-planar imaging sequence was used
for rs-fMRI (repetition time 3,000 ms; echo time 30 ms;
voxel size 2.3x2.3x3.0 mm’; distance factor 25%; slices 40;
flip angle 90°; field of view 220 mm x 220 mm; matrix size
94x94; measurements 250).

Resting-state fMRI preprocessing and calculation

All rs-fMRI data were preprocessed and calculated using
the Data Processing & Analysis of Brain Imaging (DPABI,
http://rfmri.org/DPABI) and Statistical Parametric Mapping
12 (SPM 12) software in MATLAB R2015b (http://www.fil.
ion.ucl.ac.uk/spm).

The volumes from the first 10 seconds were discarded
to ensure the signal equilibrium and allow for participants
to adapt to scanning. The remaining 240 functional images
were corrected using slice timing to adjust for differences in
slice acquisition times. Afterward, head motion correction
was performed, and volumes with excessive motion
(displacement >3 mm or 3 degrees in any direction) were
removed. The remaining images were co-registered to T'1
images for spatial normalization based on the Montreal
Neurological Institute protocol and resampled at an isotropic
voxel size of 3 mm’. The nuisance covariates, which included
white matter signal, cerebral spinal fluid signal, and Friston
24 head motion parameters, were regressed. The time series
of each participant was then temporally bandpass filtered
(0.01-0.1 Hz) to reduce low-frequency drift and high-
frequency noise. Finally, linear trends were removed, and
images were smoothed with a three-dimensional Gaussian
kernel of 4 mm full width at half maximum.

The standardized time series of each voxel was extracted
to calculate the Pearson correlation coefficient (namely, the
VMHC value) between bilateral symmetrical regions for
each participant. These correlation coefficients were then
converted to z-values using Fisher Z-transformation, and
the results were further analyzed between groups.

Brain areas showing significant group differences in
VMHC maps were selected as seed regions to investigate
FC changes. Correlation analysis was conducted between
the averaged time series of each seed and the time series of
the remaining voxels of the participant’s whole brain. To
improve the normality of correlation coefficients, Fisher’s
r-to-z transformation was used.

Statistical analysis

SPSS 22.0 (IBM Corporation, Armonk, NY, USA) was used
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Table 1 Baseline characteristics of patients with PDM and HCs

Parameter PDM group (n=35) HCs (n=41) P
Age (year) 23.9+2.6 24.9+19 0.252
Menstrual cycle (day) 29.9+3.3 30.5+4.1  0.661
Menstrual phase (day) 4-7 4-7 0.962
Onset age of 16.8+2.8 - -
dysmenorrhea (year)

VAS-A 57.2+27.4 - -
VAS-P 71.6+£18.0 - -

Data are mean + standard deviation; the menstrual phase is
maximum and minimum values. PDM, primary dysmenorrhea;
HCs, healthy controls; VAS-A, visual analogue score for anxiety;
VAS-P, visual analogue score for pain.

for all clinical data analyses. A two-sample #-test was used to
analyze differences in clinical data between the two groups
including age, menstrual cycle, and phase. The statistical
significance threshold was set at P<0.05.

Group comparisons of global VMHC and seed-based FC
between the patients with PDM and HCs were conducted
using a two-sample 7-test in DPABI. Significance was set
at a Gaussian random field theory-corrected voxel level of
P<0.001 and a cluster level <0.05 for multiple comparisons.

Pearson correlation analysis was also conducted between
abnormal VMHC and FC and dysmenorrhea onset age,
symptom duration, and participant VAS-A and VAS-P
scores, with the significance level set at P<0.05.

Results
Baseline demographic and clinical characteristics

The final analysis included 35 patients with PDM and
41 HCs. There were no significant statistical differences
between the two groups in age, menstrual cycle, or phase
(P>0.05) (Tuble 1).

VMHLC differences between the groups

Compared with the HCs, patients with PDM showed
enhanced VMHC in the bilateral orbital part of the superior
frontal gyrus and bilateral middle frontal gyrus (Figure 1,
Table 2). The HCs showed no decreased VMHC in any

brain region.
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Seed-based FC differences between the two groups

As shown in Figure 2 and Table 3, seed-based FC analysis
showed that patients with PDM had increased FC of the
left orbital part of the superior frontal gyrus with the right
caudate nucleus, the right inferior occipital gyrus, and the
left postcentral gyrus. The FC of the right orbital part of
the superior frontal gyrus with the left rectus gyrus, the
left caudate nucleus, and the left orbital part of the medial
frontal gyrus was increased. The FC of the left middle
frontal gyrus with the right anterior cingulate gyrus and the
left superior parietal gyrus was also increased, as was the
FC of the right middle frontal gyrus with the left anterior
cingulate gyrus. No decreases in FC were observed in brain
regions of patients with PDM compared with the HCs.

Correlations between seed-based FC and clinical
parameters

In patients with PDM, increased FC between the left
middle frontal gyrus and the right anterior cingulate gyrus
was negatively correlated with an increase in the reported
VAS-P score (r=-0.341; P=0.045). Results are shown in
Figure 3.

Discussion

The main finding of our study is that VMHC was
dramatically increased in the bilateral orbital part of the
superior frontal gyrus and the bilateral middle frontal
gyrus in patients with PDM and ongoing menstrual pain
compared with HCs. Further seed-based FC analysis
indicated that patients with PDM displayed enhanced
connectivity between the aforementioned areas and some
pain-related brain structures, such as the caudate nucleus,
the postcentral gyrus, and the anterior cingulate gyrus.
Hyperconnectivity of the left middle frontal gyrus with the
right anterior cingulate gyrus was negatively correlated with
pain severity. Disrupted interhemispheric FC was found in
pain-related brain regions, attention networks, and reward
circuits involved in multiple dimensions of pain modulation,
and these anomalies may be the central mechanism
underlying pain related to PDM.

Increased FC in the sensory-discriminative aspect of pain

Pain is a widely recognized but complicated experience,
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Figure 1 Brain areas showing increased VMHC in patients with PDM compared with HCs. Warm colors indicate increased VMHC values.

Gaussian Random Field correction was used to test for statistical significance (voxel P<0.001; cluster P<0.05; two-tailed). VMHC, voxel-

mirrored homotopic connectivity; PDM, primary dysmenorrhea; HCs, healthy controls.

Table 2 Brain regions showing VMHC changes between patients with PDM and HCs

Regions (aal) Brain region Cluster size Coordinates in MNI (x, y, 2) T value
Frontal_Sup_Orb_L Left orbital part of superior frontal gyrus 2,835 -15, 15, -18 5.46
Frontal_Sup_Orb_R Right orbital part of superior frontal gyrus 2,835 15,15, -18 5.46
Frontal_Mid_L Left middle frontal gyrus 513 -30, 33, 24 4.96
Frontal_Mid_R Right middle frontal gyrus 513 30, 33, 24 4.96

VMHC, voxel-mirrored homotopic connectivity; PDM, primary dysmenorrhea; HCs, healthy controls; MNI, Montreal Neurological Institute.

and the processing of pain is considered to be
fundamentally encoded by a sensory-discriminative
aspect. Our study found hyperconnectivity of the orbital
part of the superior frontal gyrus (which belongs to the
orbitofrontal cortex, OFC) with the caudate nucleus, the
postcentral gyrus, and other brain regions in patients
with PDM. The caudate nucleus has crucial functional
interactions with the high-level cortex which receives
input from the medial OFC involved in the cognitive

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

aspect of pain processing (20). Previous morphological
surveys of grey matter changes found that the subcortical
volume of the caudate nucleus was decreased, which might
cause unpleasant or painful visceral sensations for patients
with PDM (21). A recent study also supported the idea
that gray matter volume changes in the caudate nucleus
are correlated with menstrual pain (22). Functional
abnormalities in the caudate nucleus related to pain
perception and modulation have been observed in other
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Figure 2 Differences in seed-based FC between patients with PDM and HCs. Warm colors represent increased FC values. Gaussian

Random Field correction was used to test for statistical significance (voxel P<0.001; cluster P<0.05; two-tailed). FC, functional connectivity;

PDM, primary dysmenorrhea; HCs, healthy controls.

conditions, such as in thermal stimuli and migraine
without aura (23,24). Furthermore, the postcentral gyrus
belongs to the primary somatosensory cortex, which is
responsible for sensory-discriminative aspects of pain,
such as location, intensity, and quality (25). A previous
report found that patients with PDM exhibited increased
connectivity between the caudal anterior cingulate
cortex and the primary somatosensory cortex (26),
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and another study reported increased regional cortical
thickness in this area (21). Our study observed a greater
correlation in the FC of cerebral blood flow between the
right rolandic operculum and the bilateral postcentral
gyrus (27). In summary, disruption of the FC of the OFC
with the caudate nucleus and the postcentral gyrus likely
contributes to pathologic alterations in the sensory-
discriminative processing of ongoing menstrual pain.
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Table 3 Brain regions with increased seed-based FC in patients with PDM compared with HCs

Seed Brain region Voxels Coordinates in MNI (x, v, 2) T value
Frontal_Sup_Orb_L Right caudate nucleus 39 6,12, -9 5.71
Right inferior occipital gyrus 46 51,-75,0 4.59
Left postcentral gyrus 79 -39, -30, 60 4.86
Frontal_Sup_Orb_R Left rectus gyrus 44 -9, 18, -15 4.42
Left caudate nucleus 37 -6, 6,9 5.39
Left orbital part of medial frontal gyrus 165 -9,57,0 5.25
Frontal_Mid_L Right anterior cingulate gyrus 217 6,21, 12 5.02
Left superior parietal gyrus 56 -12,-72, 42 5.41
Frontal_Mid_R Left anterior cingulate gyrus 97 9,21,15 5.02

FC, functional connectivity; PDM, primary dysmenorrhea; HCs, healthy controls; Frontal_Sup_Orb_L, left orbital part of the superior frontal
gyrus; Frontal_Sup_Orb_R, right orbital part of the superior frontal gyrus; Frontal_Mid_L, left middle frontal gyrus; Frontal_Mid_R, right

middle frontal gyrus; MNI, Montreal Neurological Institute.

0507 r=—-0.341, P=0.045
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o
w
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Figure 3 Correlation of increased FC values of the left middle
frontal gyrus and the right anterior cingulate gyrus with VAS-P.

FC, functional connectivity; VAS-P, visual analogue score for pain.

Increased VMHC and FC in the cognitive-evaluative
dimension of pain

Pain processing is complex and can be influenced by
the attention levels of the individual experiencing it, as
shown during cognitive modulation of pain. The attention
network plays a pivotal role in the regulation of pain-related
behavior. The dorsal attention system is involved in top-
down attention orientation, while the ventral attention
system is associated with attention reorientation in response
to salient sensory stimuli (28). The two networks interact
during pain processing, and the middle frontal gyrus has

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

been proposed as a region that links them (29). Our study’s
finding that VMHC was increased in this area might be
explained by enhanced interhemispheric coordination
between the bilateral middle frontal gyrus, which might
strengthen the capacity of an individual’s cognitive-
evaluative modulation of unpleasant menstrual pain. In
agreement with this, reports have shown that the middle
frontal gyrus is related to the cognitive evaluation and
modulation of pain in post-traumatic headache (30) and
chronic lower back-related leg pain (19).

Furthermore, we also discovered increased FC of the
middle frontal gyrus with the anterior cingulate gyrus.
Substantial evidence shows that the anterior cingulate
gyrus is implicated in emotional, attentional, sensory, and
pain processing (31,32). Neuroimaging studies have shown
that patients with PDM have increased low-frequency
fluctuation in the anterior cingulate gyrus and decreased
FC with the precuneus. The authors of this previous work
speculated that these findings reflect disturbances in the
attentional and emotional modulation of pain in patients
with PDM (11). Other studies have found that abnormal
FC of the anterior cingulate gyrus might be involved in
PDM-related dysfunction of pain perception, regulation,
and affect (26). Our findings reveal a negative correlation
between pain intensity and FC of the left middle frontal
gyrus with the right cingulate gyrus. This finding suggests
that an individual’s pain is ameliorated when the attention
network is active. The hyperconnectivity between these
regions may be a beneficial adaptation for the patient.
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Although this finding is interesting, it should be cautiously
interpreted, given that the correlation is weak and does not
indicate a causal relationship between attention network
functionality and pain severity. Further clarification through
longitudinal intervention studies is needed.

Increased VMHC in the motivational-affective aspect of
pain

Experiencing a painful stimulus is a motivationally
prominent event, while pain-relief represents a potential
reward and may promote a positive emotional state.
Brain reward circuits (33) play a crucial role in reward
processing, motivation, and pain modulation. This circuitry
encompasses regions including the nucleus accumbens, the
prefrontal cortex, the ventral tegmental area, and the lateral
OFC. The OFC has been implicated in sensory integration,
emotion, reward-related behaviors, and pain modulation
(34,35). Most of what is known about PDM modulation-
associated reward circuits has come from recent rs-fMRI
studies. One study (14) investigated the FC changes of the
reward system during the pain-free periovulatory phase
in patients with PDM compared with HCs. This study
revealed reduced connectivity between the right nucleus
accumbens and the right OFC. Furthermore, the decreased
FC of the right nucleus accumbens-ventral tegmental area
had a negative relationship with the level of prostaglandins,
suggesting that pain relief in the menstrual phase was
accompanied by weakening in the FC of the reward system
during the ovulatory period. Consistent with this study,
we also observed decreased FC between the left amygdala
with the bilateral OFC, and the right amygdala with the
right OFC, in patients with PDM in a pain-free state (13).
These findings provide scientific evidence to support the
contention that a dysfunctional reward network might be
involved in the pathophysiology of PDM.

In contrast to previous studies, our study assessed FC
changes in the reward system during the menstrual period.
FC was found to be enhanced in the bilateral OFC, and
hyperconnectivity of the OFC with other pain-associated
regions. Our findings suggest that as emotional regulation
of reward and motivation can be used by patients who are
seeking to alleviate their menstrual cramps. We speculate
that activation of the reward system is an active response to
pain in patients with dysmenorrhea. In any case, the reward
network appears to be associated with a central mechanism
underlying PDM. In support of our observations, a
previous study using fluorodeoxyglucose positron emission
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tomography showed that patients with PDM had greater
metabolism in the OFC during their menstrual phase than
did HCs (36). We believe that activation of the thalamo-
orbitofrontal-prefrontal networks may participate in pain
onset and hyperalgesia in PDM. In addition to functional
and metabolic abnormalities, patients with PDM were also
reported to have increased cortical thickness in the OFC,
which was positively associated with pain duration (21).

Limitations

Although our findings are promising, several limitations
should be noted. First, increased VMHC was observed in
patients with PDM during pain, and whether homotopic
connectivity is abnormal in a pain-free state is still unclear.
Research is needed in future to investigate the menstrual and
ovulatory phases, including different menstrual cycles, to
observe interhemispheric functional coordination. Second,
our study only compared patients with PDM without
recent treatment and HCs. A longitudinal study with an
intervention is essential to support our understanding of
possible causal links between VMHC and PDM. Third,
our study did not have a large sample size, which may have
affected the reliability and stability of the neuroimaging
results. Therefore, more participants will need to be recruited
to increase the statistical power in future studies.

Conclusions

Our study has demonstrated that ongoing menstrual pain
is accompanied by increased VMHC in the bilateral orbital
part of the superior frontal gyrus and the bilateral middle
frontal gyrus. Our study also discovered enhanced FC
between these regions and brain regions involved in pain
processing in patients with PDM as compared to HCs. Our
results provide evidence of interhemispheric dysfunction
related to PDM and support the finding that activation
from pain-related regions to attention networks and within
the reward system may be involved in different aspects of
the experience of dysmenorrhea.
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